Background. Aims of this study are to explore the associations of readmission to psychiatric hospital over time, to develop a statistical model for early readmission to psychiatric hospital and to assess the feasibility of predicting early readmission.
Introduction
In health systems oriented towards community treatment for mental health problems, the achievement of a low rate of hospital readmission is a widely applied performance indicator (OECD, 2011) and has the potential to significantly impact on the cost of services by reducing the use of hospital beds (Mangalore & Knapp, 2007) . It has been the target of a number of specific interventions (Vigod et al. 2013) as well as broader-based community treatment approaches. Understanding the predictors of psychiatric readmission -especially those which occur soon after discharge, a phenomenon sometimes called 'bouncing back' (Kind et al. 2007a (Kind et al. , b, 2008 (Kind et al. , 2010 Sherman, 2009 ) -would help to guide service redesign and stimulate further research and development work. Furthermore, if individual predictions discriminate sufficiently well between those who will and those who will not be readmitted, they could in principle guide individual treatment in hospital and during the transition back to the community. The literature however suggests that relatively few variables are consistently associated with readmission (Klinkenberg & Calsyn, 1996; Durbin et al. 2007) , of which perhaps the best established are time since discharge (Durbin et al. 2007 ) -with the period immediately after discharge being associated with highest risk -and number of previous discharges (Russo et al. 1997; Sytema & Burgess, 1999; Moran et al. 2000; Hendryx et al. 2003; Thompson et al. 2003; Clements et al. 2006; Carr et al. 2008; Mellesdal et al. 2010; Wheeler et al. 2011; Zilber et al. 2011) . There is rather less evidence for diagnosis, which appears to have consistent effects only in larger studies indicating that effect sizes are likely to be smaller (Mojtabai et al. 1997; Korkeila et al. 1998; Heggestad, 2001; Hodgson et al. 2001; Thompson et al. 2003; Valevski et al. 2007; Carr et al. 2008; Heggestad et al. 2011) and also for younger age (Mojtabai et al. 1997; Korkeila et al. 1998; Sytema & Burgess, 1999; Heggestad, 2001; Hendryx et al. 2001 Hendryx et al. , 2003 Valevski et al. 2007; Zilber et al. 2011) . There is some evidence for an effect of gender (Schoenbaum et al. 1995; Korkeila et al. 1998; Heggestad, 2001; Hodgson et al. 2001; Valevski et al. 2007; Carr et al. 2008; Mellesdal et al. 2010) , albeit with little consistency in the size and significance of the effect or its direction. Predictive models for readmission have begun to be developed in the UK (Nuffield Trust, 2011) , including the Scottish SPARRA-MD model for psychiatric readmissions (NHS National Services Scotland, 2009) , which makes use of data on previous hospital utilisation, diagnosis and age. Recently, routine outcome measurement and electronic patient records have broadened the range of potential predictive factors that might be investigated. We investigated readmission among an inclusive sample of individuals discharged from general psychiatric wards in a large, single metropolitan NHS Foundation Trust in Southeast London. First we constructed an exploratory Cox regression model intended to provide an overall picture of the factors associated with readmission and how the effects of these vary over time. Subsequently, in order to create a model better suited to making predictions of readmission risk, we performed a logistic regression of the odds of readmission. Based on graphical analyses of the survivor function, findings of timedependence in the effects of some key covariates, and to maximise statistical power, we chose to analyse readmissions in the first 90 days after discharge.
Method
Data came from the National Institute of Health Research (NIHR) Biomedical Research Centre (BRC) Case Register, which is an anonymised copy of the South London and Maudsley NHS Foundation Trust's paperless electronic patient record database, optimised for data extraction (Stewart et al. 2009 The main study analyses were performed on a dataset previously used for a study of the effects of facilitated discharge by home treatment teams, and full details of dataset construction have been published elsewhere (Tulloch et al. 2014) . That study included an adjusted estimate of the effect of facilitated discharge on readmission, but did not address the broader question of the associations of readmission. In brief, the dataset comprised all hospital stays ending with a discharge from one of the adult general psychiatric wards operated by the Trust to an address within the four London Boroughs above and occurring on any day between 1st June 2008 and 31st May 2013. When the same individual had more than one discharge over this period, the first was selected. Dates of readmission were transformed into survival durations and also into a dichotomous variable representing readmission within 90 days of discharge. The latter was defined as missing for those not followed up for 90 days, with these individuals being excluded from analysis (N = 91, comprising 65 who moved outside the study area and 26 who died). Survival durations were censored if death occurred or when a subject moved outside the catchment area of the Trust, the latter ensuring that we did not include analysis time during which an individual would normally be admitted to a hospital outside the Trust. All observations not ending in failure, death or movement outside the study area by the time of data extraction (8th November 2013) were administratively censored -in other words, the last date of follow up was 8th November 2013. The following 33 covariates were also extracted: (1) age at admission; (2) sex; (3) ethnicity -coded as White British, Black or Other; (4) marital status; (5) having dependent children or access to children; (5) the ICD-10 primary diagnosis recorded closest to discharge; (6) the most restrictive legal status during the admission, categorised as per Tulloch et al. (2014) ; (7) the number of discharges from inpatient mental health services in the 2 years preceding admission (0,1,2, ≥3); (8) the log-transformed length in days of the longest of these admissions; (9) the number of periods of home treatment starting in the 2 years preceding admission (0,1, ≥2); (10) having a different address at discharge from admission; (11) being discharged to a care home; (12-32) scores on individual items from the Health of the Nation Outcome Scales (HoNOS (Wing et al. 1998) ) at admission and at discharge, excluding the other mental and behavioural problems items and the problems with occupation items, all recoded as 'low' (0-1) or 'high' (2-4); (33) whether or not there was a 'facilitated discharge' by a home treatment team. These variables were included in the present analysis either because their effects on readmission have previously been investigated, or because they are closely related to such variables, or because their effects seemed worthy of further investigation and they were recorded for a significant proportion of admissions (the latter applied particularly to the HoNOS item scores).
Initial descriptive and unadjusted analyses were performed. As described in Tulloch et al. (2014) , we used multiple imputation by chained equations to 'fill in' missing data (van Buuren et al. 1999; Royston, 2004) . To provide an overall understanding of the effects of covariates on readmission, how these effects vary over time, and how the underlying hazard of readmission varies over time, we first fitted a full Cox regression model on each of the imputed datasets, combining parameter estimates from separate analyses of each imputed dataset as per Rubin's rules (Rubin, 1987) , and including all of the 33 covariates listed above. Prior to the fitting of this full model, functional forms for continuous covariates had been defined using the method of fractional polynomials (Royston & Sauerbrei, 2008) in a dataset with complete values on key covariates (demographic variables, diagnosis and service use variables). The full model was tested for non-proportional hazards by estimating the slope of the scaled Schoenfeld residuals in five randomly chosen imputed datasets, and a final model was then fitted in which any non-proportional hazards were allowed for by adding in parameters to represent interactions between covariates and time.
Next, we fitted a multivariable logistic regression, modelling the odds of readmission in the 90 days after hospital discharge. As noted above, we chose to analyse 90-day readmissions based on the survivor function, our findings in relation to time-dependent effects and our wish to maximise statistical power. We excluded individuals lost to follow up within 90 days of discharge. Here, unlike the Cox regression, we aimed to fit a parsimonious model, so after definition of the functional form for continuous covariates using the methods above, we adopted the following procedure, largely following Hosmer et al. (2008) Goodness of fit was estimated using the Hosmer and Lemeshow test (Hosmer & Lemeshow, 1980) , with the number of groups adjusted accorded to sample size (Paul et al. 2013) . We performed the test on the whole dataset and also on the subset of observations for which covariate data were complete, but still using the estimates taken from the final analysis of imputed data. The coefficient of discrimination (mean predicted probability of readmission among those who were readmitted minus mean predicted probability of readmission among those who were not readmitted), which provides a measure analogous to r 2 and which does not require an estimated likelihood (Tjur, 2009) , was estimated again on the whole dataset and on the subset of observations with complete covariate data. Area under the receiver operating characteristics curve (AUROC) was also calculated. As the logistic regression was based on a complete sample comprising all those readmitted as well as those not readmitted, the exponential of the intercept term represents the baseline odds of readmission. Using this estimate, multiplying by the relevant odds ratios, and then converting using the formula that odds=probability/(1−probability) it is possible to produce predictions of the probability of readmission. A single worked example is given in the Results section.
Results

Sample characteristics
The sample for the main analysis comprised 7891 hospital discharges. Overall characteristics of the sample based on complete data are shown in Table 1 -for the sake of brevity, only those variables included in the final models and key demographic variables are shown. Demographic and clinical variables were either complete or near-complete, with the exception of the measure of having dependent children or other access to children, which was 27% missing. Service use data were complete. Individual HoNOS item scores at the time of admission were generally missing in around 22% of cases, and at the time of discharge in around 45% of cases. 
Continued
In the unadjusted analysis of readmission, median follow-up time (to failure or censoring) was 1201 days (median absolute deviation 485 days; range 161-1985 days).
The overall Kaplan-Meier estimate of the risk of readmission was 8% at 30 days, 21% at 180 days and 30% at 1 year. Within 90 days of discharge, 1156 individuals had been readmitted (15% of those discharged, whether excluding censored cases or not).
Survival analysis
Examination of imputed and original data indicated no anomalies resulting from the imputation process. Testing of first degree fractional polynomials in the subsample with a partial selection of complete or nearcomplete covariates indicated that an inverse transformation was most appropriate to model the effect of index length of stay (LOS): there was no evidence of non-linearity for the effects of age or length of the longest previous admission. Bootstrapping indicated that this transformation or very similar transformations such as inverse square root or inverse square were selected in over 80% of samples. Testing of scaled Schoenfeld residuals within five randomly selected imputed datasets consistently indicated non-proportional hazards in the case of ethnicity, diagnosis, length of the index admission, whether or not the individual was under the care of a CMHT at the time of discharge, most restrictive legal status during the admission and the discharge HoNOS self-harm item and hallucinations and delusions item. The model was therefore first refitted including interactions with time for each of the above variables. The interaction between time and the inverse of the index LOS was non-significant in this model, and therefore the final model contains interactions with time only for the other six variables listed above.
When all parameters used to model each variable were tested simultaneously using the Wald test, the probability of all parameters being equal to zero was less than 0.05 for ethnicity ( p = 0.0009); marital status ( p < 0.0001); diagnosis ( p < 0.0001); length of the index hospital admission ( p = 0.0003); number of hospital discharges in the 2 years preceding the index admission date ( p < 0.0001); most restrictive legal status during admission ( p = 0.0002); whether the individual was under the care of a community mental health team at the time of discharge ( p = 0.0084); the score on the admission HoNOS overactive, aggressive, disruptive or agitated behaviour item ( p = 0.0307); the admission HoNOS non-accidental selfinjury item ( p = 0.0279); the discharge HoNOS overactive, aggressive, disruptive or agitated behaviour item ( p < 0.0001); the discharge HoNOS non-accidental self-injury item ( p = 0.0046) and the discharge HoNOS hallucinations and delusions item ( p = 0.0004). For ease of interpretation the results are tabulated, including category-based estimates for continuous covariates (see Table 2 ). Estimates for variables modelled using an interaction with time are presented for day 0 and for day 365, to provide some sense of the magnitude and direction of the time-dependent effects. As noted in the Method section, this Cox model was a full model, including all 33 covariates: for the sake of concision, variables whose parameter estimates fell outside a conventional level of statistical significance are listed, with a p value, in the footnote but their parameter estimates are not included in the body of Table 2 .
Taking each significant variable in turn, only 'other' ethnicity was associated with hazard of readmission at the time of discharge (HR 0.83; 95% confidence interval (CI) 0.71-0.98); this small effect tended towards zero over time and was non-significant at 1 year after discharge. The effect of any black ethnicity -nonsignificant at discharge -increased over time and was significant at 1 year after discharge, albeit ‡Among those with at least one discharge from hospital in the preceding 2 years, the median length of the longest admission was 41 days (interquartile range 17-100). The effect of diagnosis was highly significant ( p < 0.0001 overall). To express the effects of each diagnostic category in detail requires consideration of both the main effect of that diagnosis and its interaction with time. Immediately after discharge, only the hazard ratio for personality disorder differed significantly from the baseline category, which was schizophrenia (HR 1.50; 95% CI 1.20-1.86). Broadly, interactions with time were not significant for the psychotic diagnostic categories but were highly significant for the non-psychotic diagnostic categories, meaning that the hazard of readmission declined relative to the psychotic categories over time. Combining main effects and interactions, the difference in the hazard of readmission between personality disorder and the psychotic disorders that was apparent immediately after discharge was therefore abolished over time; while the hazard of readmission for depression and anxiety disorders become significantly lower over time relative to schizophrenia (for depression at 365 days, HR was 0.67, with 95% CI 0.57-0.78; for anxiety disorders at 365 days, HR was 0.68, with 95% CI 0.56-0.82).
The effect of the length of the index admission was non-linear. The only truly marked difference was between those who were discharged on the same day as admission, and those who stayed for at least one day. For example, the hazard ratio for those who stayed between 1 and 5 days was 1.38 (95% CI 1.16-1.65). Although increased LOS was associated with increased readmission, the difference between those with very short LOS and very long LOS was less than the above difference, and the effect tended towards an asymptotic value with increasing LOS. Notably, the functional form of the relationship selected through the use of the fractional polynomial procedure differed in the logistic regression model (see below) suggesting that the functional form for the effect of index LOS may itself vary over time.
The number of discharges from hospital in the 2 years preceding the index admission date was positively associated with the hazard of readmission, and the size of this effect was substantial. For example, the hazard ratio for readmission for those with three or more discharges was 2.63 (95% CI 2.22-3.10). Being under Section 3 or a forensic section was associated with reduced readmission, but this effect attenuated over time. Being under a community mental health team was associated with no difference in readmission at baseline, but a relatively higher hazard of readmission over time.
Of the admission HoNOS items, only two reached a conventional level of statistical significance, and their probability values were not far below that level. Of the discharge HoNOS items, high scores on three items were strongly associated with increased risk of readmission: the overactive, aggressive, disruptive or agitated behaviour item, the non-accidental self-injury item and the hallucinations and delusions item. The latter two effects declined over time.
Overall, the hazard of readmission declined quickly after discharge (see Fig. 1 ).
Logistic regression analysis
After the model-building process, the variables included in the logistic regression model, together with the probability of all parameters used to model that variable being equal to zero, were as follows: diagnosis ( p = 0.0056); length of the index admission, which was entered as two fractional polynomial terms, reflecting a non-linear and non-monotonic functional form ( p = 0.0085); number of discharges from psychiatric hospital in the 2 years preceding the index admission date ( p < 0.0001); legal status during the admission ( p = 0.0428); the admission HoNOS cognitive problems item ( p = 0.0069), the discharge HoNOS overactive, aggressive, disruptive or agitated behaviour item (<0.0001) and the discharge HoNOS hallucinations and delusions item ( p < 0.0001). Odds ratios for each level of these variables, together with 95% confidence interval, and with category-based estimates for continuous variables are tabulated in Table 3 .
The footnote to Table 3 includes the baseline odds of readmission -0.068 (95% CI 0.044-0.105). As noted in the methods, this figure may be used to estimate the probability of readmission. For example, a person with a diagnosis of depression who had an admission lasting 2 weeks and had one discharge in the 2 years preceding the index admission, who had been an informal patient, and who scored at the lower level on the HoNOS items for cognitive problems at admission and on the HoNOS items for agitated behaviour and delusions and hallucinations at discharge would have an approximate predicted odds of 30 day readmission of 0.068 × 0.86 × 1.43 × 1.53 × 1 × 1 × 1 × 1 = 0.13. Transforming using the equality p = odds/(1 + odds) gives an estimated probability of readmission of 12%.
In the subset of observations with complete data on the variables included in the model (N = 3561), the probability of lack of fit based on the Hosmer and Lemeshow test applied to 103 groups was 0.25, indicating acceptable model fit. The coefficient of discrimination -equal to the difference between the mean predicted probability of readmission among those readmitted (0.18) and the mean predicted probability of readmission among those who were not readmitted (0.14) -was 0.04, and the AUROC was 0.63, both results indicating limited predictive ability. Analysing all observations, and based on 500 groups, the probability of lack of fit was 0.16, the coefficient of discrimination was again 0.04, and the AUROC was 0.65.
Discussion
Strengths and limitations
Strengths of the study are its large sample size and the fact that we were able to study not just standard clinical, demographic and service use variables, but also symptoms, behaviours and social problems measured by the HoNOS. We also based our main logistic regression analysis on a thorough characterisation of readmission over time using the Cox regression, allowing us to identify variables for which it is possible that time-dependent effects might lead to differing conclusions depending on the analysis period adopted and techniques used.
The clearest limitation of our study is that data derive only from a single NHS Trust. However, both the neighbourhoods served by the Trust -either predominantly inner city (Lambeth, Lewisham and Southwark) or a mixture of inner city and suburban (Croydon) -and also the structure of the services it provides are similar to those in other parts of London and in other major urban centres in the UK, increasing the chance that our findings would generalise elsewhere. In those, presumably rare, cases where an individual still resident within the Trust's geographical catchment area was readmitted to a hospital outside the Trust, and was not then transferred back into a Trust hospital, we would not have recorded a readmission. Another limitation was the fairly high level of missing data affecting discharge HoNOS scores. Although we used multiple imputation to accommodate these missing values, effect estimates should be viewed cautiously.
Comparison of results from the Cox regression and the logistic regression
Broadly, the results from the logistic regression were consistent with those that would have been predicted from the Cox model, bearing in mind the timedependent effects observed in the latter. Differences in the HoNOS items selected are likely to be explained by the exclusion of later readmissions and by intercorrelations between HoNOS items and the diagnostic items: despite this, the two most significant effects (the discharge HoNOS overactive, aggressive, disruptive or agitated behaviour item and the discharge HoNOS hallucinations and delusions item) featured in both models. There is a more important difference in the functional form of the effect of the length of the index admission: in both models, those who were discharged on the same day as admission were least likely to be readmitted, but in the 90-day readmission model there was a peak of readmission risk among those with the shortest non-zero admissions, with risk of readmission then declining with increasing LOS.
Interpretation of study results
In our discussion of how the results of our analyses are to be interpreted we focus on the results of the logistic regression, and especially on those covariate effects that we observed both in the Cox and the logistic regression -that is, the effects of diagnosis, LOS for the index admission, legal status, number of previous Note. The baseline odds were 0.068 (95% CI 0.044-0.105), equivalent to a probability of readmission within 90 days of 6.3%.
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Diagnosis
In line with previous research, we found that diagnosis had modest-sized effects on readmission. However, we believe that our demonstration of time-dependence is novel, and may help to explain inconsistencies between previous studies that adopt different definitions of readmission. Shortly after discharge, only a diagnosis of personality disorder was found to be associated with an increased rate of readmission and there was no difference between other diagnoses. However, over time, the rate of readmission declined more steeply for non-psychotic diagnoses, so that a clear distinction was observable at 1 year between depression and anxiety disorders and psychotic disorders. These effects are presumably related to some interaction between the natural history of illness and clinical practice. Contrary to some previous research, we found no effect of age (Mojtabai et al. 1997; Korkeila et al. 1998; Sytema & Burgess, 1999; Heggestad, 2001; Hendryx et al. 2001 Hendryx et al. , 2003 Valevski et al. 2007; Zilber et al. 2011) or gender (Schoenbaum et al. 1995; Korkeila et al. 1998; Heggestad, 2001; Hodgson et al. 2001; Valevski et al. 2007; Carr et al. 2008; Mellesdal et al. 2010) after adjustment for other variables.
Length of stay, number of previous discharges and legal status
It is notable that the 3% of admissions culminating in a discharge on the same day were those least likely to be readmitted. It seems most likely that those who are discharged almost immediately after admission are a different and atypical group -perhaps people who are admitted to a psychiatric hospital on the strength of dubious evidence of mental disorder and who are rapidly discovered not to need admission. In the survival analysis, it appeared that other differences in LOS made little difference to the rate of readmission. However, when only readmissions within the first 90 days were considered, those with LOS of a few days were those most likely to be readmitted, and the risk of readmission then fell with increasing LOS. If this effect of LOS for non-zero day length admissions accurately estimates the causal effect of interventions that reduce LOS, the latter might be supposed to produce a countervailing increase in the risk of early readmission. However, the size of the marginal effect may be sufficiently small that an overall effect would be detectable only for interventions producing dramatic reductions in LOS and having no compensatory effect on readmission. This would explain our related finding that home treatment at the time of discharge has no apparent effect on readmission despite its being associated with a 4-day reduction in LOS (Tulloch et al. 2014) . More generally, this finding raises the possibility of a trade-off between LOS and readmission with greater LOS promoting stability and a reduced risk of early readmission. Certainly, there is some evidence from the USA that reduction of already shorter psychiatric admissions may be associated with increased readmission (Figueroa et al. 2004) , although most studies have found no such relationship (Durbin et al. 2007) .
We suspect that the apparently protective effect of being detained under Section 3 or a forensic section of the Mental Health Act may reflect a related effect -someone released from hospital at a particular LOS and who has been detained is likely to be more fully recovered than someone released at the same LOS but who has not been so detained. Alternatively, it may perhaps reflect some effect of the use of Section 17 extended leave from hospital in this group -this provision allows for the recall of a released patient if, for example, they do not continue to take medication, and may help to promote adherence in the early period after release.
The effect of number of previous discharges was in line with previous research, suggesting that this factor reflects some underlying propensity to readmission not measured by other variables.
HoNOS symptoms and behaviour
Finally, in line with the original ambitions of the study, we found evidence of an effect of some specific symptoms and behaviours as measured by HoNOS scale scores collected as part of the Trust's routine outcome measurement programme. Aggressive and disturbed behaviour in particular appeared to be associated with a heightened risk of early readmission, and a similar effect was observed for delusions and hallucinations at the time of discharge. These effects were observed in both the Cox and the logistic regression. We suggest that they represent direct influences of symptoms and behaviour on clinical practice, with those who continue to be actively psychotic and/or disturbed after discharge being more likely to be readmitted.
Although these results may seem intuitively correct, they contrast with the results of two previous, smaller Australian studies. The first -which studied readmission in 1177 patients admitted to a single hospitalfound no relationship with either the total score at admission or with each of several individual item scores that were tested (Byrne et al. 2010) . The second, which compared 222 readmitted patients with 253 non-readmitted patients found no association between total HoNOS score and readmission, but did not examine associations with individual HoNOS item scores (Callaly et al. 2011) . A third Australian study found the same relationships with the aggressive and disturbed behaviour item and the cognitive problems item as we did, and also found a relationship with the total HoNOS score, but this was based on a very small sample (N = 53) (Parker et al. 2002) and it is possible that the agreement with our results could have arisen by chance.
Implications
Despite the statistical significance of the effects included, the logistic regression model had only modest ability to discriminate between those who were readmitted and those who were not, presumably reflecting the influence on readmission of a large number of unmeasured and probably immeasurable factors, many of them varying over time. How beneficial such a model could be depends on the practical use to which it is put. Conceivably, being able to define a higher risk stratum for readmission could help in developing and testing new interventions intended to reduce readmission. If such an intervention is developed, a predictive tool could help in targeting that intervention at those who are most likely to benefit. Of note, it does not appear from the present study or the earlier related study (Tulloch et al. 2014 ) that such interventions would include facilitated discharge by Home Treatment Teams.
Our findings also suggest some specific situations where particular clinical attention may yield the benefit of reduced readmission. Clinicians responsible for inpatients, it appears, would be well advised to address unresolved psychotic symptoms or continuing disturbed or agitated behaviour.
Certainly, there is scope for further research. Firstly, as new data accrue in our repository we plan to validate the predictive model based on these -this will be facilitated by the increasing completeness of HoNOS item scores necessitated by the development of payment mechanisms in English psychiatric services. A second potential role for further research will be to further examine the role of personality in early readmission -this appeared to be important, but we know very little about the methods and practices by which a diagnosis of personality disorder come to be recorded in the notes, and we also do not know whether it is specific personality traits or a personality disorder diagnosis which are more strongly associated with readmission, or whether the use of structured measurement methods for either would increase the strength of any association. Perhaps most importantly, the question of how LOS impacts on readmission deserves detailed investigation, perhaps using randomisation to slightly longer or shorter LOS to ensure that its causal effect is estimated without bias, and using mediation analysis to test the extent to which any effect is due to improvement in psychotic and disturbed behaviours prior to discharge.
